A novel hydrogel has been synthesized by grafting methacrylic acid (MAA) onto Gum arabic (GA) through free radical graft co-polymerization in the presence of potassium persulphate (KPS) as an initiator and hexamethylene tetramine (HMTA) as a cross-linker. Various reaction parameters like reaction temperature, reaction time, concentration of initiator, amount of solvent, pH, concentration of monomer and concentration of cross-linker were optimized. GAcl-poly(MAA) was characterized by FTIR spectroscopy, SEM and TGA-DTA techniques. Optimized polymer was studied for its salt-resistant swelling behavior in different solutions: NaCl, MgCl 2 , CaCl 2 , FeCl 3, ZnCl 2 and BaCl 2 as a function of salt concentration, temperature and pH. It was observed that GA-cl-poly(MAA) exhibits following salt-resistant swelling trend in different salts: NaCl > ZnCl 2 > MgCl 2 > CaCl 2 > BaCl 2 > FeCl 3
Introduction
In recent years, scientists have shown considerable interest in water-swellable intelligent polymers capable of absorbing and holding a large amount of water while maintaining the physical dimension structure. Superabsorbents are three dimensional networks of hydrophilic polymers held together by cross-links of covalent or ionic bonds and /or secondary forces in the form of hydrogen bonds or hydrobhobic interactions [1] [2] [3] . These intelligent polymers are capable of responding to external stimuli, such as pH, temperature, electric field and magnetic field and even to ultraviolet light [4] . Various natural polymers like starch, chitosan, dextrin, psyllium, guargum and Gum arabic [5] [6] [7] [8] [9] [10] [11] have been modified by different researchers for their application in drug delivery, agriculture, membrane separation, flocculation and in toxic metal-ion removal [12] [13] [14] [15] [16] .
Gum arabic is a natural polysaccharide composed of rhamnose (12-14%), arabinose (24-29%), galactose (36-42%) and glucuronic acid (16-17%) . The gum consists of a straight chain of D-galactose units with linked branches of arabinose and rhamnose which terminate in glucuronic acid [17] . Mohd. J. Zohuriaan-Mehr et al prepared novel super absorbing hydrogels of Gum arabic and acrylamide / acrylic acid using potassium acrylate as an initiator [18] .
In the present paper, a cross-linked three dimensional network of Gum arabic with methacrylic acid has been synthesized using potassium persulphate -hexamethylene tetramine as an initiator -cross-linker system. The polymer formed was further studied for its salt-resistant behavior in different salt solutions as a function of concentration, temperature and pH.
Results and discussion
-OH groups present on the back bone polymer act as the active sites for the graft copolymerization of poly(MAA) onto it and can be explained through the following mechanism: 
(Graft co-polymer)
(Homopolymer) M * = monomer free radical; GA-O * = Backbone free radical
In the above discussed mechanism, persulphate dissociates to give SO4 -* which further reacts with water to give * OH. Gum arabic is attacked by SO4 -* , thereby resulting in the formation of free radical-site on the backbone. * OH attacks the backbone polymer and the monomer, leading to the generation of free radical sites which further result in the formation of graft copolymer. However, the termination of the reaction takes place either by reaction between * OH and a free radical or the reaction between two activated chains.
Optimization of different reaction parameters
As is evident from Fig 1a , P g increases with increase in temperature and maximum P g was found to be (118.2%) at 60 o C. This initial increase is due to the generation of more free radical sites on the backbone polymer and easy accessibility of monomer radical moieties to the active sites of backbone. However, further increase in temperature resulted in decrease of P g . This could be attributed to the fact that with the increase in temperature dissolution of water soluble components of backbone takes place. Secondly, homo-polymerization predominates over graft copolymerization [20] .
Amount of solvent plays an important role in graft co-polymerization and is clearly visible from Fig 1b, which shows the effect of amount of solvent onto P g. Maximum P g (118.2%) was found with 15 ml of solvent (distilled water) and further increase in the amount of solvent caused decrease in P g . This can be explained on the basis of * OH concentration, which is initially sufficient enough to propagate the polymerization reaction till optimum concentration is reached and further increase in the amount of solvent resulted in termination of polymerization due to excessive increase in * OH concentration (Fig 1b, eq.13 ) [19] . As exhibited by Fig 2a, P g increased with the increase in time and reached up to maximum value (132.5%) at 180 min and decreased afterwards with time. This could be due to the fact that with increase in reaction time the active sites on the backbone and monomer increases, leading to increase in grafting but once the optimum is reached, the concentration of free radicals limits the length of polymeric chain by initiating numerous chains simultaneously which results in decreased P g [19] . (162.4%). The reason for this is the generation of free radical sites on the backbone as well as on the monomer, facilitating in the graft copolymerization and resulting in an increase in Pg. After the optimum value, most of the active sites become inactivated resulting in side chain reactions and finally chain termination takes place. Secondly, at higher initiator concentration homopolymerization predominate copolymerization resulting in decreased Pg. It was found that graft co-polymerization takes place in neutral medium to a greater extent (maximum P g =162.4%) as compared to acidic and alkaline media (Fig 3) . The reason for this could be due to the neutralization of OH ions with H + ions of the acid (in case of acidic medium), thereby resulting in decrease in production of free radical sites on the back-bone. In case of alkaline medium, excess of * OH groups results in early initiation of termination reactions (eq. 13). Hence, lesser value of P g is obtained in this case.
Fig 4a shows that with increase in monomer concentration, the percent swelling first increases (987.3%) up to 1.59 molL -1 and then it decreases. The initial increase in the P s is due to the reason that there is greater availability of monomer molecules in the vicinity of the chain propagating sites of backbone molecule which goes on increasing till the optimum value is reached, after which it starts decreasing. The decrease in P s after attaining maximum P s is due to the reason that homopolymerization predominates over graft co-polymerization and an increase in the viscosity of the medium hinders the movement of free radicals and monomer molecules [21] .
With the increase in cross-linker concentration (4.76 × 10 -2 molL -1 ), initially the percent swelling goes on increasing up to 987.3%, followed by a decrease (Fig 4b) . The initial increase in P s is due to the reason that there are small spaces in between the grafted polymeric chain which could easily accommodate the cross-linker molecules in it, till the formation of the 3-dimensional polymeric network of the MAAgrafted polymeric backbone with the cross-linker, after which P s decreases. The reason for this decrease is attributed to the fact that with increasing cross-linker concentration the pore size decreases, resulting in lesser solvent molecules approaching the matrix [20] . (Fig 5a) . On the other hand, IR spectrum of GA-cl-poly(MAA) (Fig 5b, Eqs. 11-12 (coupled OH in-plane bending and C-O stretching) besides peaks obtained with that of Gum arabic. Hence, this confirms the modification done onto the backbone polymer.
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Fig. 5. (a) FTIR of Gum arabic (b) FTIR of GA-cl-poly(MAA).

SEM studies of the gels
SEM studies were conducted to differentiate the morphological differences on the surface of both Gum arabic and GA-cl-poly(MAA) ( Figs 6a and 6b ).
Fig. 6. (a) SEM of Gum arabic (b) SEM of GA-cl-poly(MAA).
Thermal behavior of gels
TGA / DTA studies of both the backbone and functionalized polymer were performed as a function of percent weight loss versus temperature (Figs 7a and 7b) . Two-stage decomposition in both the cases was observed.
Gum arabic showed initial decomposition temperature (IDT) at 227°C and final decomposition temperature (FDT) at 517°C while GA-cl-poly(MAA) showed initial decomposition temperature at 188 °C and final decomposition temperature at 520 °C. IDT of GA-cl-poly(MAA) is lower than that of Gum arabic because GA-clpoly(MAA) underwent morphological changes during grafting which disturbed its crystalline structure whereas its FDT is slightly higher than that of Gum arabic which shows more thermal stability as compared to the raw back bone. Gum arabic showed three exothermic peaks at 292 °C (30 μV), 470 °C (131 μV) and 513 °C (212 μV). On the other hand GA-cl-poly(MAA) showed four exothermic peaks at 379 °C (59 μV), 450 °C (77 μV), 498 °C (62 μV) and 507 °C (66 μV) along with two minor peaks at 110 °C (1 μV) and 222 °C (5 μV). It shows that exothermic combustion of GA-clpoly(MAA) persists at higher temperature than that of Gum arabic and accounts for more thermal stability. 
Salt resistant swelling behavior
-Effect of concentration of salt on P s
The P s of the hydrogel has been studied at different salt concentrations (1, 5, 10, 15 and 20%). It was found that P s decreases with increase in salt concentration. It can be due to reverse osmosis process. Maximum swelling has been found at 1% concentration in all the salt solutions (Fig 8a) .
-Effect of temperature on P s Swelling temperature has been varied from 15-55 o C (Fig 8b) . It was observed that P s increases with increase in temperature and is maximum (1196%) at 45 o C. However, further increase in temperature resulted in decreased P s . This may be due to the reason that the optimized hydrogel tends to become more compact at higher temperature leading to desorption of solvent and resulted in decreased P s [20] . -Effect of pH on P s
The water absorbing capacity of the polymer was investigated in different media (0.5N HCl, distilled water and 0.5N NaOH). It was found that the hydrogel swells to very less extent in acidic and basic media but showed appreciable swelling in distilled water (Fig 8) . However, the hydrogel has been found to be relatively unstable in acidic and basic media as compared to distilled water. 
Conclusions
The forgone study dealt with the synthesis based on Gum arabic and MAA through free radical graft co-polymerization in the presence of potassium persulphatehexamethylene tetramine as an initiator-cross-linker system. It was found that the salt effect decreases the swelling capacity of the hydrogel to some extent but the hydrogel showed salt-resistant swelling behavior in different saline solutions which can be utilized in water treatment technology. In addition to this the optimized hydrogel was found to be pH as well as temperature sensitive which widens its scope in medical sector as drug delivery devices.
Experimental
Materials and Equipments
Gum arabic (MERCK Pvt. Ltd.), methacrylic acid (LOBA Chemie Pvt. Ltd.), potassium persulphate (S. D. Fine) and hexamethylene tetramine (LOBA Chemie Pvt. Ltd.) were used as received. Distilled water was used as the solvent through out the experiments.
Weighing was done on electronic balance (LIBROR AEG-220 Shimadzu). FTIR spectra of the gels were recorded in KBr pellets using Perkin Elmer spectrophotometer. SEM of the samples was taken on Jeol Steroscan 150 Microscope. SEM studies were conducted by gold plating the hydrogels in order to have their conducting impact. Microscopic beam was used to synchronize the scanning for the maintenance of small size over large distance relative to the specimen. Highly resolved three dimensional appearances with great depth of the field were obtained. TGA / DTA studies were carried-out on Linseis thermal analyzer in air at a heating rate of 10 °C/minute
Synthesis of GA-cl-poly(MAA)
Gum arabic (1 g) was taken in a petri-dish and a known volume of solvent was added. To the reaction mixture a known amount of KPS was added followed by the addition of known amount of MAA with continuous stirring. The reaction was carriedout at a definite temperature, pH and for a particular time period. Different reaction parameters such as initiator concentration, amount of solvent, reaction time, reaction temperature and pH of the reaction medium were optimized, so as to get the optimized graft yield. The percent grafting (P g ) which is defined was calculated as follows and the method has been reported in the literature [19] . where W g and W o are the weights of grafted and ungrafted samples, respectively.
Graft copolymer was further cross-linked using HMTA to give GA-cl-poly(MAA) product. Optimization of MAA and HMTA was carried-out with respect to percent swelling (P s ) which was calculated as per the following method: The cross linked polymer GA-cl-poly(MAA) so obtained, was kept in acetone for 1-2 h followed by distilled water wash in order to remove the poly(MAA) formed during polymerization.
Salt-resistant swelling behavior
GA-cl-poly(MAA) was studied for its salt resistant behavior by taking different salts like NaCl, MgCl 2 , CaCl 2 , FeCl 3, ZnCl 2 and BaCl 2 of varying concentrations (1%, 5%, 10%, 15%, 20%). 100 mg of GA-cl-poly(MAA) was immersed in each solution for 24 h at room temperature. The swollen samples were taken out of the respective chloride solutions after 24 hours. Samples were wiped and weighed to get the percent swelling (P s ). Temperature dependent salt resistant swelling was optimized by immersing 100 mg of sample in 1% of each salt solution for 24 h at 15, 25, 35, 45 and 55 o C. Similarly, pH was optimized for getting maximum swelling at optimized temperature using 0.5N HCl, distilled water and 0.5N NaOH.
